F
amilial Cold Autoinflammatory Syndrome (FCAS) is an autosomal dominant inflammatory disease categorized by recurrent intermittent episodes of rash, fever, arthralgia, and conjunctivitis after generalized exposure to cold. Attacks usually occur 1 to 3 hours after cold exposure and last less than 24 hours. The cause of FCAS is a defect in a protein termed cryopyrin that results from a mutation in the CIAS1 gene (also known as NALP3/PYPAF1) localized on chromosome 1q44. 1 Defective cryopyrin causes enhanced expression of a number of key cytokines, including interleukin 1 (IL-1), leading to systemic inflammation. Muckle-Wells syndrome and chronic infantile neurological cutaneous articular syndrome are 2 inflammatory conditions also resulting from mutations in CIAS1. Although occurring in up to a third of patients with Muckle-Wells syndrome, only a small percentage of patients with FCAS develop progressive chronic kidney disease secondary to AA renal amyloidosis. The main therapy for patients with FCAS has been supportive care with nonsteroidal anti-inflammatory drugs or corticosteroids for local symptomatic relief, but previously, there was no definitive treatment for the disease. Recently, several patients with CIAS1 genetic mutations were treated with anakinra (Kineret; Amgen USA), an IL-1 receptor antagonist resulting in significant clinical attenuation and prevention of inflammatory episodes. [2] [3] [4] Characteristic upregulation of inflammatory markers also was prevented in patients treated with anakinra. 3 We present a patient with FCAS complicated by renal amyloidosis and progressive renal insufficiency treated with anakinra who had a marked decrease in proteinuria and attenuation of progressive renal failure.
CASE REPORT
A 61-year-old white woman with FCAS was referred to the Nephrology Service in June 2002 at the University of California Davis Medical Center for evaluation of proteinuria. Pertinent past medical history included an episode of poststreptococcal glomerulonephritis at age 14 years, hypertension with left ventricular hypertrophy, long-term nonsteroidal anti-inflammatory use of oxaprozin (Daypro; Par Pharmaceutical USA), anemia, migraine headaches, and hypothyroidism. Since birth, she had experienced typical FCAS symptoms of fever, rash, malaise, conjunctivitis, and arthralgias after cold exposure. FCAS diagnosis was confirmed by genetic testing performed at the University of California, San Diego, showing an L353P mutation. Numerous family members were afflicted with the same condition (Fig 1) , some of whom developed stage 5 chronic kidney disease.
One month before referral to the nephrology service, the nonsteroidal anti-inflammatory drug was discontinued. She previously was maintained on 25 mg of the angiotensin receptor blocker losartan (Cozaar; Merck & Co USA) for hypertension. Initial physical examination was significant for hypertension, with blood pressure of 162/82 mm Hg, 1 ϩ bilateral lower-extremity pitting edema, and an indurated papular rash on both arms. Urinalysis was notable for dipstick proteinuria with protein of 300 mg/dL with bland urinary sediment on microscopic examination. Subsequent serological testing included hepatitis B surface antigen, hepatitis C antibody, antinuclear antibody, antineutrophil cytoplasmic autoantibody, human immunodeficiency virus, complement level, cryoglobulins, and both serum and urine protein electrophoresis. All test results were unremarkable, except for urine electrophoresis, which showed an abnormal band in the beta region quantified at 7 mg/dL. Follow-up immunofixation testing was negative for a monoclonal protein.
The patient initially was treated with colchicine based on its anti-inflammatory effects in patients with familial Mediterranean fever. Losartan dose was titrated to 100 mg/d, and the patient was started on paroxetine (Paxil; GalaxoSmithKline Inc USA) because another family member noted a decrease in symptomatic inflammatory episodes while administered this medication. Initially, the patient did not consent to a renal biopsy. Treatment with colchicine did not alter her proteinuria and was tolerated poorly because of worsening of her migraine headaches. Paroxetine did not decrease the frequency of her symptoms. Three months after the initial consultation, the patient underwent renal biopsy because of worsening proteinuria and an increase in creatinine level from 0.9 mg/dL (80 mol/L) to 1.2 mg/dL (106 mol/L). Renal biopsy was definitive for a diagnosis of amyloidosis (Fig 2) . Steroid therapy was offered to the patient, but declined because of the side-effect profile. During the next 9 months, the patient's proteinuria worsened to protein of almost 6 g/d, and serum creatinine level increased to 1.3 mg/dL (115 mol/L).
In March 2003, after submitting a request to the University of California Davis Medical Center Institutional Review Board, approval was granted for compassionate use of the recombinant human IL-1 receptor antagonist anakinra for the patient based on preliminary data for its use in patients with Muckle-Wells syndrome. 2 In June 2003, treatment with anakinra was started at a dose of 100 mg/d subcutaneously, but was decreased to 100 mg every other day because of the development of leukopenia (white blood cell count, 3.1 ϫ 10 3 /L [3.1 ϫ 10 9 /L]). During the next 12 months, proteinuria decreased to protein less than 1 g/d, serum creatinine level remained stable at 1.2 mg/dL (106 mol/L; Fig 3) , and white blood cell count has remained within the normal range. Her lifelong symptoms of FCAS improved significantly within days of starting therapy and resolved completely with continued therapy.
DISCUSSION
FCAS originally was described in 1940, 5 and, until recently, a molecular understanding of the mechanism of disease was lacking. This disorder is exceptional enough that it was not until 2001 that a sizeable population was studied systematically to define disease phenotype and generate proposed diagnostic criteria (Table 1) . 6 A study of 6 families consisting of 45 subjects showed 63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 key phenotypic characteristics, including age of onset within the first 6 months of life and recurrent fevers, chills, arthralgias, conjunctivitis, and rash. Although more commonly seen in patients with Muckle-Wells syndrome, amyloidosis was described in a few families with FCAS.
Typical laboratory features associated with FCAS include leukocytosis 7 and elevated erythrocyte sedimentation rate. As with other inflammatory conditions, levels of acute-phase reactants, including C-reactive protein and haptoglobin, may be increased. 8 Patients with FCAS also show a large increase in serum IL-6 levels after cold challenge. 3 Skin biopsy shows a dense polymorphonuclear leukocytic infiltrate without evidence of histamine release. 9 Historically, there have been few effective treatments for patients with FCAS, although anabolic steroids, corticosteroids, and colchicine, have been used with limited success. 
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tion of the inflammatory cascade through specific cellular signaling (Fig 4) . CIAS1 encodes a protein termed cryopyrin. Cryopyrin interacts with another protein termed apoptosis-associated specklike with a caspase recruitment domain protein through PYRIN-PYRIN interactions in a complex known as the inflammasome. The PYRIN domain is a protein motif identified in proteins involved in apoptotic and inflammatory pathways. 11,12 Activation of the inflammasome by a number of infectious and noninfectious triggers leads to the cleavage of procaspase to activated caspase 1 and the eventual cleavage of pro-IL-IB, allowing for the release of active IL-1B. 13 IL-1B then is available to bind to the IL-1 receptor and further mediate inflammatory cytokine production. 14 In vitro evidence suggests that the inflammasome activates nuclear factor-B directly, leading to the production of a number of proinflammatory cytokines, including IL-6 and IL-8. Additional in vitro evidence suggests that mutations in cryopyrin cause a constitutively active or hyperresponsive inflammasome, resulting in increased cytokine release and systemic inflammatory symptoms.
The CIAS1 mutation L353P was identified in approximately 90% of reported North American patients with FCAS and is caused by a common ancestor. The family described in this report has the same mutation, but is not related to the other families. Whereas several members of the family described in this report developed renal disease, presumably caused by amyloidosis, this complication was not described in other L353P families. In addition, only 1 sister of a set of identical twins in this family developed amyloidosis, reaffirming the complex cause of amyloidosis. 24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 Anakinra is a recombinant IL-1 receptor antagonist protein currently approved for use in patients with rheumatoid arthritis for whom treatment has failed with 1 or more other disease-modifying antirheumatic drugs. Preliminary results for anakinra use in patients with rheumatoid arthritis are encouraging; however, its efficacy in patients with diseases caused by mutations in CIAS1 is astonishing. In almost every case reported, there is near resolution of disease symptoms within 24 to 48 hours of the initial injection. 2, 3 Although rare, the hereditary periodic fever syndromes provide a unique opportunity to study inflammatory pathways. This case report exemplifies the significant role for chronic inflammation in the development of AA amyloidosis and shows a unique diseasespecific therapy previously not available. This patient has now received anakinra for 3 years, and to our knowledge, this is the longest treatment duration known. More importantly, this patient has gained a quality of life she never thought possible. Performing a repeated renal biopsy had been considered to assess histological change after anakinra therapy, but given the risks of renal biopsy and her clinical improvement, it was considered not to be clinically indicated. Follow-up echocardiogram confirmed persistent left ventricular hypertrophy without evidence of cardiac amyloidosis. The successful treatment of renal amyloidosis through blockade of IL-1 shows that specific anticytokine treatment may provide directed therapies for other conditions associated with chronic systemic inflammation.
